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I. Introduction. 

This study was undertaken to get light on some minor problems of 
variation, and to furnish records for future reference. 

The matter of future reference seems to me of special importance, for 
it is evident that with records of the variations of a race during stated 
intervals available, the course and progress of evolution may be more 
or less accurately traced. Davenport ('99) has emphasized the need of 
the collection and filing of statistics of variation, especially of Place- 
Modes ; and it was in response to his plea for this kind of work that I 
undertook to determine some place-modes for one of the Fiddler Crabs 
(Gelasimus pugilator) of a certain region. 

In order to make the records of measurements together with my com- 
putations and interpretations available for any who may, in the future, 
vol. xxxvi. — 27 
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desire to use them, they will be placed in the Library of Harvard Uni- 
versity, subject to the order of either the librarian or the writer. 

Through the kindness of Mr. Alexander Agassiz and the authorities 
of the United States Fish Commission Station at Wood's Hole, Massa- 
chusetts, I was permitted to occupy, during a part of the summer of 
1899, one of the tables in the Fish Commission Laboratory controlled 
by the Museum of Comparative Zoology. I desire to thank them for 
the privilege, and also Professor H. C. Bumpus, Director of the Labo- 
ratory, for facilities in collecting material and for many courtesies which 
made work pleasant. To Professor E. L. Mark I am indebted for 
suggestions and assistance in the arrangement of this report ; to Pro- 
fessor C. B. Davenport I owe the knowledge and interest which led me 
to the problems, and to him I am also indebted for invaluable assistance 
in the prosecution of the work. 

II. Problems. 

The original purpose of this work was the determination of place- 
modes for Gelasimus pugilator of West Falmouth, Mass. Examination 
of the material for measurement and consideration of the probable value 
and significance of various dimensions led to the inclusion of several 
other problems. For it seemed advisable to select for the determina- 
tion of place-modes such measurements as would be likely to contribute 
data for problems of adult form, of development, and of function. 

The male Fiddlers are either right- or left-handed, one chela being 
enormously developed, the other small. The proportions of right- and 
left-handed animals will be considered later. In the females the chelae 
are nearly equal. One immediately asks : (1) What is the meaning of 
this condition in the males ? (2) What relation does the size of the 
chela bear to the other body measurements? (3) What determines 
whether an animal shall be right- or left-handed ? These are some of 
the problems which, it was hoped, might be at least partially solved by 
a quantitative study of variation ; for unquestionably this method can 
supplement in important ways histological and physiological studies. 

It was my purpose to measure equal numbers of the two species of 
Fiddlers, Gelasimus pugilator and G. pugnax, found in the vicinity of 
Wood's Hole,* selecting equal numbers of males and females from each 
of the two species. But the task of measuring was slow, and the time 
then available for the work was exhausted before its completion. This 



* G. minax does not occur in the vicinity. 
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report, therefore, represents only a fragment of what was planned, and 
what the complete solution of the suggested problems demands. 

III. Methods and Material. 

The following measurements were made : — 

1. Frontal Breadth, the distance between the anterior marginal points 
of the carapace (Figure 1, FB). 



B 




Figure 1. Dorsal aspect of carapace. BA, right marginal length. FB, 
frontal breadth. ML, median length. 



2. Median Length, the maximum length of the carapace in the median 
plane. (Figure 1, ML). 

3. Eight Marginal Length, the distance from the right anterior mar- 
ginal point of the carapace to the posterior end of the lateral ridge, just 
above and between the fourth aud fifth legs (Figure 1, BA). 

4. Left Marginal Length. 

5. Meropodite of the Right Chela, the distance between the articula- 
tions on the anterior face. The proximal point of measurement, i. e. 
the articulation between ischiopodite and meropodite, is on the anterior 
ventral surface, and therefore does not show in Figure 2. 

6. Carpopodite of the Right Chela, the distance between the anterior 
articulations (Figure 2, OL). 

7. Propodite of the Right Chela, the distance from anterior articula- 
tion with carpopodite to articulation with dactylopodite (Figure 2, PL). 
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8. Meropodite of Left Chela. 

9. Carpopodite of Left Chela. 

10. Propodite of Left Chela. 

11. Meropodite of Second Right Leg ; points the same as for meropo- 
dite of chela. 

12. Meropodite of Second Left Leg. 



ba'pd. 



dac'pd. 



mer'pd. carp'pd. pr'pd. 

Figure 2. Dorsal surface of Right Chela, dac'pd., dactylopodite ; pr'pd., pro- 
podite; carp'pd., carpopodite ; mer'pd., meropodite; ba'pd., basipodite ; CL, length 
of carpopodite ; LP, length of propodite. 

The above measurements are similar to those made for Carcinus 
maenas by Weldon ('93), but in no case identical with his. He has, 
furthermore, expressed all measurements in terms of total carapace 
length, so comparison of our results is impossible. Dr. H. W. Rand * 
has repeated Weldon's measurements on C. maenas at Wood's Hole. 
His results, which have not as yet been published, will furnish, in con- 
nection with this study, interesting data for the comparison of Carcinus 
and Gelasimus. 

The measuring apparatus used consisted of a pair of spring dividers, 
which could be adjusted easily and accurately by means of a thumb- 
screw. In measuring, the end of one arm of the dividers was fixed upon 
the point marking one limit of the dimension to be measured and the 
other arm was adjusted by means of the thumb-screw until its point coin- 
cided with the other limit of the dimension. The dividers were then 
transferred to a steel millimeter scale, above which a pocket lens was so 
arranged as to give a magnification of about twelve diameters, thus en- 
abling one readily to read from the scale the distance between the points 
of the dividers. The scale was ruled to fifths of a millimeter, and by 
determining whether the fine point of the arm rested in or between 

* Data and description of measurements, in manuscript. 
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marks it was possible to read to tenths. Although in case of these 
measurements readings were made to tenths, accuracy to fifths is all that 
can be claimed, because of the tendency to judge in favor of the marks 
on the scale. 

Over a thousand individuals of Gelasimus pugilator were collected, 
without any attempt at selection, from a large colony on the shore of 
West Falmouth Harbor, between July 
24th and August 22d. The accompanying 
map of the harbor and vicinity shows the 
location of the colony ; two small circles 
mark the limits of the ground used for 
collecting. 

Weak alcohol, about 20%, gave satis- 
factory results as a killing agent. Sub- 
stances which act very quickly, such as 
hot water, formol, or strong alcohol, 
cause autotomy. 

Twelve measurements were made for 
each of four hundred right-handed ani- 
mals, and for the same number of 
left-handed individuals. For these two 
groups of measurements the means, 
modes, standard deviations, and coeffi- 
cients of variability have been found. 

To avoid the possibility of misunder- 
standing as to the meanings of these 
terms, I shall briefly define them.* The 
Mean is the sum of the products of each 
class into the number of individuals in the 
class, divided by the total number of individuals. The Mode is the class 
containing the greatest number of individuals. The Standard Deviation 
" is found by adding the products of the squared deviation-from-the-mean 
of each class multiplied by its frequency, dividing by the total number 
of variates, and extracting the square root of the quotient, "f Tho 
Coefficient of Variability is one hundred times the quotient of the standard 
deviation divided by the mean. 




Figure 3. Map of West Fal- 
mouth Harbor. Material was 
collected from the region between 
the small circles. 



* The terms and methods given by Davenport ('S 
t Davenport ('99", p. 15). 
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IV. Results. 
1. Tables of Means, Modes, Standard Deviations, and Coefficients 

of Variability. 
Table I. contains the results of all calculations so arranged as to facili- 
tate comparison of right- and left-handed animals. The first of each pair 
of columns gives the values for the right-handed individuals, — indicated 
at the top by " Rights ; " the second, for the left-handed, — indicated by 
" Lefts." 

It is to be noted that no identical measurements for Rights and Lefts 
(for sake of brevity we shall hereafter speak of the two types as Rights 
and Lefts instead of right-handed and left-handed) are strictly comparable, 
except frontal breadth and median length, for in every other case there 
is marked asymmetry, and the measurements for the left side of one type 
have to be compared with those for the right side of the other. 

TABLE II. 

Means and Coefficients of Variability arranged for Direct 

Comparison. 



Gelasimus pugilator (Males). 


Mean. 


Coefficient of 
Variability. 


Bights. 


Lefts. 


Rights. 


Lefts. 




mm. 
15.728 
12.245 
8.842 
8.400 
8.780 
7.115 
9.248 
5.563 
3.050 
2.710 
7.589 
7.127 


mm. 
15.658 
12.237 
8.716 
8.285 
8.656 
6.878 
9.038 
5.312 
2.969 
2.733 
7.523 
6.965 


mm. 
7.022 
7.266 
8.845 
8.649 
9.000 
10.166 
10.215 
8.734 
9.518 
8.313 
8.479 
8.724 


. mm. 
7.471 
7.598 
8.880 
9.000 
9.657 

10.472 

10.255 
9.920 

11.139 
8.898 
9.660 
9.160 


Lateral margin, great chelar side . . 
Lateral margin, small chelar side . . 

Carpopodite of great chela .... 

Carpopodite of small chela .... 

Meropodite of 2d leg, great chelar side 
Meropodite of 2d leg, small chelar side 
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Table II. gives the means and coefficients of variability which are 
directly comparable. In every case, with the exception of the propodite 
of the small chela, the means for the Rights are larger than those for the 
Lefts ; the coefficients of variability are without exception greater for 
the Lefts. In other words, the right-handed individuals are the larger 
and the less variable. 

TABLE III. 

KlOHT- AND LeFT-HaNDEDNESS. 





G. pugilator. 


G. pugnax. 


Males. 


Females. 


Rights. 


Lefts. 


Lot from W. Falmouth, Aug. 18, 1899. 
Lot from W. Falmouth, Aug. 22, 1899. 


215 

286 


185 
280 


90 
151 


85 
110 


Totals. 
Per cent. 


501 

51.86 
of males. 


465 

48.14 
of males. 


241 

20.00 
of all 


196 



TABLE IV. 
Right- and Left-Handedness. 





G. pugilator. 


G. pugnax. 


Males. 


Females. 


Males. 


Females. 


Rights. 


Lefts. 


Rights. 


Lefts. 


Lot from ) 
W. Falmouth, } 
July 16, 1900. ) 


431 


431 


195 


552 


578 


61 


Per cent. 


50 
of males. 


50 
of males. 


18.45 
of all. 


48.85 
of males. 


51.15 
of males. 


4.56 
of all. 
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2. Tables of Occurrence of Eight- and Left- Handedness. 

In this connection a statement of the relative frequencies of right- and 
left-handedness is important. Table III. offers an analysis of two lots 
of pugilator and pugnax from West Falmouth. Of 966 males 51.86% 
were right-handed, 48.14% left-handed. During the summer of 1900 
additional evidence was obtained on this subject. Over two thousand 
Fiddlers from the same colony were examined, with the results shown in 
Table IV. Comparison of these two tables (III. and IV.) indicates that 
the male Fiddlers are about equally divided into right- and left-handed 
individuals. The number of females captured was always small, prob- 
ably because the males remain outside to fight, while the females aud 
immature individuals scurry into the burrows. According to Table IV. 
the percentage of female pugilators captured was four times as large as 
that of female pugnax, but for this I am unable at present to offer any 
explanation. 

3. Polygons of Frequency. 

We shall now consider the various measurements individually, and 
examine the Polygons (more accurately Rectangles) of Frequency. 

The polygons are all constructed thus. Each vertical column repre- 
sents a class, and each of the squares in these columns represents five 
individuals. The classes are separated by 0.4 mm.* In polygon No. 1 R, 
for example, the first class is 13.15 mm. and contains one individual ; the 
second class is 13.55 mm. and contains four individuals. 

1. Frontal breadth. This is the largest and least variable dimension 
of the twelve under consideration. Polygon No. 1R represents the 
distribution, among the various classes, of the right-handed individuals, 
and No. 1 L that of the left-handed. Comparison of these two polygons 
shows a larger number of individuals in the modal class of the Rights 
than in that of the Lefts, indicating less variability among the right- 
handed animals. The curves t are both unsymmetrical. This lack of 
symmetry is probably due, as polygon No. 1 L especially indicates, to the 
fact that the curves are really compound. In No. 1R the modes of the 
component curves are 15.55 and about 17.55; in No. 1L, 15.55 and 
about 17.15. In both cases the modal class 15.55 contains many more 
individuals than the mode at 17.15 or 17.55. Professor Davenport has 

* Except in case of the carpopodite and propodite of the small chela, where they 
are separated by 0.2 mm. 

t That is, the curve given by a line passing through the tops of the central 
ordinates of the rectangles. 
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suggested that these compound curves probably represent two successive 
stages separated by an ecdysis, and inasmuch as the animals measured 
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were collected at three 
different times (75 July 
24, 125 August 17, and 
200 August 24), of 
which the first and last 
were separated by over 
three weeks, this is not 
improbable. But as I 
have no data on ecdysis, 
it is impossible to settle 
this point. 

2. Median length. 
This is the second larg- 
est dimension taken. It 
is slightly more variable 
than the frontal breadth. 
The polygons No. 2R 
and 2L represent simi- 
lar distributions, with a 
greater frequency, how- 
ever, at the mode of the 
Rights, as in the frontal 
Breadth, indicating less 
variability than in the 
Lefts. 

3. Right margin. It 
should be remembered 
that No. 3R and 3L are 
not strictly comparable 
because of the asymme- 
try of the animals. The 
polygons have been 
placed together because 
they represent identical 
measurements. Compar- 
ison should also be made 
of No. 3R with 4L, the 
polygons for the margin 
on the side of the great 
chela of the Rights and 
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Lefts respectively. No. 3R differs from 3L in having greater modal fre. 
quency and more classes ; it differs from 4L by much greater modal 
frequency. As compared with the left margin the right is somewhat 
less variable. For both Rights and Lefts the margin on the side of 
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POLTGON NO. 3B. 



Polygon No. 3L. 



the small chela is 5% shorter than the other. In the case of the Rights, 
8.400 (Left) -r- 8.842 (Right) = .9500, L e. Left is 95% of Right. And 
for the Lefts 8.285 (Right) s- 8.716 (Left) = .9505, *. e. Right is 95+ % 
of Left. All dimensions are considerably larger on the side of the 
great chela, a fact which will be discussed later in connection with the 
problem of right- and left-handedness. 
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Polygon No. 4R. 



Polygon No. 4L. 



4. Ze/fc margwt. Polygons No. 4R aud 4L. Compare also No. 4R 
with 3L. The three dimensions thus far considered are the most valu- 
able for place-mode determinations because they are expressive of the 
form of the carapace and may be measured with ease and accuracy. As 
given in Table I., the modal classes of the Lefts, — in two instances, — 
the frontal breadth and right margin, are below those of the Rights; in 
both of these cases there is considerable difference in the means. 
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5. Meropodite of 
great chela. I shall 
here consider homol- 
ogous organs. With 
the exception of the 
usual greater fre- 
quency of the modal 
class of the Rights, 
the polygons No. 5R 
and 5L are very sim- 
ilar. The difference 
in the coefficients of 
variability between 
the Rights and Lefts 
is .657 in favor of the 
Rights. 



Polygon No 5L. 
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Polygon No. 6L. 



6. Carpopodite of great chela. Here we meet an exception in the 
matter of modal frequency, for the Lefts' mode contains more individuals 
than that of the Rights. No. 6R and 6L are otherwise similar. In 
comparison with the meropodite the carpopodite is much more variable. 

Bateson ('94, p. 79), in his book on meristic variations, states that 
terminal members of a series are likely to be most variable. " In such 
cases as that of the last rib of Man, and several other animals, the wis- 
dom teeth of Man, etc., it is quite true that in the terminal member 
Variation is more noticeable thau it is in the other members." But such 
series as those of teeth and ribs, in which there is repetition of similar 
organs, are so different from the linear series of joints with which we 
are dealing, as to make inferences from one to the other unwarrantable. 
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Bateson does mention (p. 63) substantive variation in the joints of the 
leg of the cockroach (Blatta americana), but only in its relation to the 
number of joints, no light being thrown upon our problem. 

In case of the series of joints of the crab leg it would seem probable 
that the distal would be the most variable, since they are most likely to 
be modified by the use of the leg. 

For convenience of comparation the Coefficients of Variablity of 
the measurements taken on the chelar joints are here repeated (see 
Table II.). 

Meropodite of great chela, 
Carpopodite of great chela, 
Propodite of great chela, 
Meropodite of small chela, 
Carpopodite of small chela, 
Propodite of small chela, 

Only for the great chela of the Rights is there a constant increase in 
variability from the proximal to the distal joint. In every case, how- 
ever, the carpopodite is much more variable than the meropodite. 
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Among the hundreds of crabs examined not a single variation in the 
number of joints was noticed. 
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Polygon No. 7L. 



7. Propodite of great chela. Polygons No. 7R and 7L are more 
nearly symmetrical than any of those already examined; 7R has a 
slightly wider range of variation. 



vol. xxxvi. — 28 
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8. Meropodite of small chela. Polygons No. 8R and 8L. 
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9. Garpopodite of small chela. Polygons No. 9R and 9L. The car- 
popodite is the most variable organ measured, the largest coefficient of 
variability being that of the carpopodite of the small chela of the Lefts, 
and the second largest, that of the carpopodite of the great chela of the 
Lefts. 
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Polygon No. 10L. 



10. Propodite of small chela. Polygons No. 10R and 10L. The 
propodite of the small chela of the Rights is absolutely the least variable 
of the measurements made on the legs, while the propodite of the great 
chela of the Rights (Polygon No. 7R) is the most variable of all the 
organs of the Rights. We have here an illustration of Darwin's law, 
that a part (the propodite of the great chela) developed to an extraordi- 
nary degree is more variable than a part (the propodite of the small chela) 
of ordinary size. This law of variation holds for all the measurements 
on the great and small chelae of the Rights. 
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Polygon No. 11L. 



11. Meropodite of second leg on side of great chela* Polygons No. HE. 
and 11L. 
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POLYGON NO. 12R, 



Polygon No. 12L. 



12. Meropodite of second leg on side of small chela. Polygons No. 
12R and 12L. Attention may be called to the fact that in both Rights 
and Lefts the meropodite on the side of the great chela is larger than that 
of the opposite side. This apparently indicates that the influences which 
determine the development of the great chela affect other parts of the 
body as well. 

4. Table of Correlation of Meropodites of Chelae. 

In Table V. the correlation of the meropodites of the chelae of the left- 
handed animals is shown. This was determined in order to see whether 
there was not an inverse correlation ; for it seemed not improbable that 
an unusually large Great Chela should be accompanied by an exceptional 
small Small Chela. Such, however, is not the case ; instead there is a 
fairly close direct correlation, 0.774-h 
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V. Discussion of Results. 

Concerning, the original purpose of this study, the determination of 
some place-modes for the Fiddler Crab, it may he said that a number of 
modes have been given in Table I., which it is hoped will be of value in 
the future as helps in the study of racial variation and of the formation 
of species. As before remarked, those measurements which would seem 
the most valuable for place-modes are : (a) the frontal breadth, (6) the 
median length, (c) the right marginal length, and (d) the left marginal 
length. 

It remains to be asked, What answers do the results of this study 
enable us to give to the group of questions centring about the Great 
Chela condition, with which we set out ? (1) What is the significance 
of right- and left-handedness ? (2) What relation does the size of the 
great chela bear to other dimensions ? (3) What determines right- and 
left-handedness ? 

The chief significance of the great chela, observation leads me to con- 
clude, is in its value (1) as a meaus of defence and offence, and (2) as a 
means of burrowing. But granting that these are sufficient reasons for 
its existence, we have still to ask why it is sometimes on the right side, 
sometimes on the left. The fact that approximately equal numbers of 
Rights and Lefts are found, seems to indicate that the great chela is not 
determined by heredity, or, at least, not directly. For if this were the 
case, the probability of an equal distribution between the two types 
would be very slight. It is more likely, therefore, that we are dealing 
with what is usually called (although improperly) a chance determina- 
tion ; that is, there are a number of variable factors, only partially 
known at present, which throw the great-chela-developing-tendency now 
this way, now that. Other instauces of determination of this kind are 
the determination of sex and of the crossing of the optic nerves. Pro- 
fessor G. H. Parker, who has studied the crossing of the optic nerves 
of fishes, but whose results have not yet been published, has found 
that many symmetrical fishes are about equally divided between those 
having the right nerve crossing above the left and those having it cross- 
ing below the left. Since it is at present impossible to point out, in such 
cases, any uniform cause or group of causes for the condition, we say it is 
a matter of chance. 

In answer to the second question, — What relation does the size of the 
great chela bear to the other dimensions ? — it may be said, that the meas- 
urements which allow of comparison of the two sides of the body, namely, 



YERKES. — VARIATION IN THE FIDDLER CRAB. 441 

the margin and the meropodite of the second leg, are larger on the 
side of the great chela. Expressed in percentages, the relations are as 
follows : Margin on chelar side in case of Rights, 5 % greater than on 
opposite side, — the same is true of the Lefts ; meropodite of second leg 
on chelar side in case of Rights, 6 % greater than that of the opposite side ; 
meropodite of second leg on chelar side in case of Lefts, 8% greater. The 
fact that measurements are greater on the chelar side may be taken in 
support of (a) the idea of chance determination, for any advantage of one 
side of the body over the other would be likely to affect all organs. On 
the other hand it may be held (b) that the development of the great chela 
is itself the cause of the greater development of the other organs on the 
same side. Or, combining these two views, it might be maintained 
(c) that the causes which led to the development of the great chela were 
operative also in case of the other organs, but that the development of 
the great chela was an additional cause for the unusual size of the other 
organs. 

As to the difference in size of the Rights and Lefts I can only say that 
it is an interesting and surprising fact, for which I have found no expla- 
nation. I at first interpreted the fact that the Lefts are the smaller and 
the more variable as meaning that the Rights represented the stable 
form ; and iu support of this I had, as a result of the first summer's work 
(see Table III.), evidence that there were more Rights than Lefts. But 
this conclusion was not confirmed by the additional observations made 
during the summer of 1900 (see Table IV.). It may be, however, that 
the proportion of right- and left-handed animals varies in different col- 
onies, and that during the interval between the collection of the animals 
referred to in Table III. and those of Table IV. migration or some other 
change had caused alteration in the relative frequency of Rights and 
Lefts ; but this does not seem very probable. 



VI. Summary. 

1. The place-modes for twelve measurements on the carapace and 
extremities of right- and left-handed Gelasimus pugilator are given in 
Table I. 

2. The means of Table I. show that the right-handed animals are 
larger and less variable than the left-handed. 

3 Right- and left-handed animals occur in approximately equal 
numbers. 
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4. Two " stages " appear to be represented by the individuals meas- 
ured. Many of the curves are compound, and it is probable that in these 
one mode represents those individuals which have recently molted, the 
other those which are almost ready for the process. 

5. All the measurements are larger on the side of the great chela. 

6. The results of this study in variation seem to indicate that right- 
and left-handedness is not directly due to heredity, but is caused by 
certain slight variations which give one side of the body an advantage 
over the other. 
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